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Abstract

The U.S. EPA’s proposed Endocrine Disruptor Screening Program (EDSP)
includes a Tier 1 screening battery composed of in vitro and in vivo test methods
designed to identify substances capable of interacting with the endocrine system.
Prior to implementation of the EDSP, the component test methods must be
adequately validated. An Interagency Coordinating Committee on the Validation
of Alternative Methods (ICCVAM) and NICEATM Expert Panel evaluated the
validation status of in vitro ER and AR binding and TA (agonist/antagonist)
assays that might be included in the Tier 1 battery. The Expert Panel determined
that none of the in vitro assays had been adequately validated. To facilitate the
necessary validation studies, a common list of 78 proposed substances was
compiled that addressed the Expert Panel’s recommendations. Substances
were selected to ensure that reliability and accuracy of the in vitro assays would
be adequately characterized across a broad range of chemical classes and
responses. Selection criteria included quantity and quality of available data,
potency, chemical class, selection for in vivo validation studies, and commercial
availability. A minimum of 25% of the substances are known or expected to be
negative in each of the different assay types. The use of a common substance
list for validation will facilitate assessment of comparative assay performance,
establishment of minimum performance criteria, and selection of acceptable in
vitro test methods. Generation of both in vivo and in vitro data on many of these
chemicals during validation studies will also aid the future development of more
predictive in vitro endocrine disruptor assays. ILS staff supported by NIEHS
Contract NO1-ES-85424. The views expressed above do not necessarily represent
the official positions of any federal agency.
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Expert Panel Evaluation of Initial Draft Lists

Draft Lists of Substances Proposed by NICEATM in the Background
Review Documents (BRDs)

QO The BRDs submitted to the Expert Panel included a list of substances
recommended for future validation studies for each of the six assay types.
QO Selection of these substances was based on:
Availability of data demonstrating reproducible responses in multiple test
methods
Achieving a range of responses from negative to weakly positive to
strongly positive
Achieving distribution across a broad range of relevant chemical classes

Initial Draft Lists of Substances Proposed for Validation
of In Vitro ER and AR Binding and TA Assays

Number of
Positive Negative
Substances Substances
ER Binding 30 (91 3 (9%)
gonist (84¢ (16%)
ntagonist 8 (19%)
ing © (10%)
gonist (64 10 (36%)
TA Antagonist (84 4(16%)

NGmbEEoE Number of

In Vitro Assay Type | g1t o

Il. Expert Panel Recommendations on Initial Draft Lists of Substances

O The Expert Panel agreed with the draft lists of proposed substances but
also recommended:

For a specific receptor (ER or AR), the same substances should be
tested in both binding and TA test methods.
To adequately evaluate test method specificity, at least 25% of the
substances in the list must be negative for the endpoint being assessed.
Aknown positive control substance with a potency two orders of magnitude
lower than the reference hormone.
Substances should be included for the validation of TA assays that might
indirectly interfere with transcriptional activation. Substances of interest
include:

Actinomycin D- inhibits RNA synthesis

Cycloheximide- inhibits protein synthesis

Sodium azide - cytotoxic

12-O-tetradecanoylphorbol-13-acetate — ligand independent activation
Substances from under-represented chemical classes should be included.
Examples are:
— Phthalates
— Polycyclic aromatic hydrocarbons [PAHs]
— Polychlorinated biphenyls
A central repository to distribute substances of known purity for validation
studies.

ICCVAM Proposed List of Substances for Validation

I. Candidate Substances
122 candidate substances were identified including:

+ 85 substances recommended in the four BRDs for future validation
studies (SOT 2003, posters 763 and 1071)

44 substances scheduled for testing in in vivo endocrine disruptor
(ED) assays by EPA and the Organisation for Economic Cooperation
and Development (OECD)

— 22 of these substances were included in the BRDs
38 substances scheduled for testing in in vitro ED assays by EPA
— 29 of these substances were included in the BRDs
6 additional substances recommended by the Expert Panel

Il. Selection of Final 78 Substances

List of 122 substances reduced to 78 substances based on following:
methyl parathion and 2,3,7,8-tetrachlorodibenzo-p-dioxin excluded
as being highly toxic
4-chloro-4'-biphenylol, 2',4',6'-trichloro-4-biphenylyol and Arochlor
1254 excluded due to hazardous waste disposal concerns

letrozole excluded as its in vivo testing was questionable and no in
vitro data

testosterone propionate excluded as it is readily hydrolyzed in vivo
to testosterone, which is included

tamoxifen citrate excluded and tamoxifen included because the latter
had been tested more extensively

excluded some substances not scheduled for in vitro testing by the
EPA

excluded some substances not scheduled for in vivo testing by EPA
and OECD

Purpose and Advantages of the List of 78 Substances

Purpose of List

To ensure that the comparative reproducibility and accuracy of in vitro
ER and AR binding and TA assays are adequately characterized across
a broad range of chemical classes and responses.

Advantages
Inclusion of many substances proposed for validation of other Tier 1 and
Tier 2 in vivo test methods will:

help characterize the usefulness of Tier 1 screening battery
help prioritize substances for Tier 2 testing

facilitate development of more predictive in vitro endocrine disruptor
assays and in vitro test batteries

Anticipated Responses of Proposed Substances

Distribution of Anticipated Responses of Proposed
Test Substances in In Vitro ER and AR Binding and TA Assays

A.  InVitro ER Assays

Expected

Response | ER Binding

Agonist Antagonist

Positive/
Presumed
Positive”
Negative/
Presumed

Negative
Total 78 78 78

41 35 1
(53%) (45%) (14%)

37 43 67
@7%) (55%) (86%)

B. InVitro AR Assays

Expected

Response | AR Binding

Agonist ‘Antagonist

Positive/
Presumed
Positive”
Negative/
Presumed
Neglﬁve"

Total 78 78 78

34 22 21
(44%) (28%) (27%)

44 56 57
(56%) (12%) (73%)

2Represents substances: 1) for which ER binding or TA data are available, which indicate a
positive response in the respective test method (i.e., substances tested in more than one
study that were positive in = 50% of the studies); 2) that were positive in < 50% of reported
studies; 3) that were positive but tested in only one study; and 4) that have no relevant
receptor binding or TA data available for the respective test method but which are presumed
positive based on their known mechanism of action or their responses in other endocrine
disruptor screening test methods.

Represent: which are pi
known mechanism of action, or their r
methods.

negative based on the available data, their
in other ine disruptor ing test

ICCVAM Proposed Substances for Validation of In Vitro
ER and AR Binding and Transcriptional Activation Assays

Substance

In Vitro Data (NICEATM)®

Binding"

Transeriptional Activation

Agonism

Antagonism®

Chemical Class

Substance

In Vitro Data (NICEATM)®

Binding”

Transeriptional Activation

Agonism”®

Antagonism’”

Chemical Class

Actinomyein D

50760

Phenoxazone; Lictone;
Pepide

Flutamide

13311847

Amide; Anilide;
Nitrobenzene.

Ammonium perchlorate

7790.989

Organic acid; Organic salt

Genistein

6720

Flavanoid; soflavone;
henol

Anastrazole

120811731

AR-

Nitile Triazole

Haloperidol

2868

Butyrophenone; Ketone;
Piperazine

+-Androstenedione

63055

ERVARS

ERVAR++

Steroid,nonphenalic

Hexestrol

84162

Diphenolalkane; Bisphenol;
Phenal

Apigenin

520365

ERete

ERete

Flavanoid: Flavone; Phenol

Hydroxy fluamide:

52806538

ARt

Amide; Anilide;
Nitrobenzene.

Apomorphine.

58004

Heteroeyele: Quinoline

+Hydroxytamorifen

68047063

ER#

Benzylidenc; Stilbene;
Phenal

Auazine

1912249

ER+/AR+

ERVAR-

Aromatic amine; Triazine;
Arylamine

1€1182.780

129453618

ER##H/AR-

Steroid, phenolic

Bicaluamide

90357-06-5

AR+

AR#

Anilide; Nitile; Sulfone:

Kacmpferol

20183

R+

R

Flavanoid; Flavone; Phenol

Bisphenol A

80057

ER+/AR-

ER/ARY-

Diphenolalkane; Bisphenol:
Phenol

Kepone

143:500

ER+HAR+

ARt

Organochlorine; Chloriated)
bridged eyeloalkane

Bisphenol B

77407

ER-/AR-

Diphenolalkane; Bisphenol:
"

Ketoconazole

65277421

Imidazole; Piperazine

Butylbenzyl phihalte

85.687

ER+/AR-

Phihalae

Linuron

30552

AR+

ERVARS

Urea

2uee -Butylphenol

80725

Phencl

Medroxyprogesterone
acetate

71589

AR+

AR+

Steroid, nonphenolic:
Polyeyelic hydrocarbon

€Gs 183208

11250899:5

Nitile; Imidazole

P’ Methoxyehlor

24

ERY/ARS

ERV/AR-

ERVARY

Organochlorine; Chlorinated)
hydrocasbon

Clomiphene citrate

0419

ERv

riphenylethylene;

Methyl testosterone.

sS85

AR

Steroid, nonphenolic;
Androstene.

Coriicoserone

50226

ER/AR+

ER/AR-

Steroid,nonphenolic

Methylrienolone*+*

965935

ERVARS

AR-

Steroid, nonphenolic;
Estene

Coumestrol

49130

R

ER+/AR-

Coumestan; Benzopyranone:
Coumari; Ketone.

Mifepristone

84371653

ER/AR+

ARt

Steroid, nonphenolic:
Estene

4-Cumylphenol

599644

ER+/AR-

Phenol

Morin

450160

Flavanoid; Flavone; Phenol

Cycloheximide

66819

Piperidine; Glutaramide

Niluamide:

63612500

ARs

AR

Heterocyele; Imidazole

Cyproterone acetate

27510

ARwer

ER/AR+

AR#

Nitrile; Dipheny ether;
Organochlorine

P Nongiphenol

104-405

ER++/ARS

ERWARG#

Alkylphenol; Phenol

Daidzein

486668

ERb

ERe

ER-

Flavanoid; soflavone;

Norethynodrel

68235

Steroid, nonphenolic;

" DDE

72559

ERY/AR++

ER+/ARS

ER/AR-

Organochiorine;
Diphenylalkene

4 tert Octylphenol

140-669

ERFAR-

ER+/AR-

Alkylphenol: Phenol

op"-DDT*

780026

ER+/AR+

ER+/AR-

ERYARY

Organochiorine:
Diphenylalkene

Onazepam

604751

Benzodiazepine

Dexamethasone

0022

ERVAR-

ER/AR+

Steroid,nonphenalic

Phenabarbital

57307

Heterocycle; Pyrimidine

Dibenzola.h Janihracene:

53703

ER/AR+

Polyeyclic sromtic
hydrocarbon; Anthracene

Phenolphthalin

81903

Triphenylmethane;
Diphenyalkane carboxylic
acid

Din -butyl phialate

84742

ER¥/AR-

Phibalae

Pimoride

2062754

Piperidine; Benzimidazole

Dicthylhexy! phihalate

7817

AR-

Phihalate

Procymidone

32809-16:8

AR+

ERVAR-

ARt

Organochlorine; Cyclic
imide

Dicthylsilbestrol

6531

ER+H/AR

ER+H/AR-

Stilbene; Benzylidene;
Diphenylalkene

Progesterone

7430

ER+/AR+

ER</AR+

ERVARS-

Steroid, nonphenolic;
Pregnenedione.

Sa
Ditydrotestosterone**+

21186

ER+HAR#

ERV/ARS+

Steroid,nonphenolic

Propyliouracil

sis2s

AR-

Pyrimidine; Uracil

VoEsiradiol

571910

R

ER+/AR-

Steroid, phenolic; Estrene

Reserpine

0555

Heterocycle; Yohimban

17p-Estradiol*+

50282

ER+H/ARS

ER+H/ARS

Steroid, phenolic; Estrene

Sodium azide

26628228

Organic salt; Avide

Estone

53167

ER+H/ART

ER+H/AR

Steroid, phenolic; Estrene

Spironolactone

2017

AR+

AR+

Steroid, nonphenolic;
Pregnene lactone

17ocEthinyl estradiol

57636

ER+H/AR

ER+H/AR-

Stervid, phenolic

Tamorifen

10540291

ERHH/AR-

ERY/AR-

Triphenylethylene;
Benzylidene; Stilbene

Ethyl parsben

120478

Paraben; Organic acid

Testosterone

58220

ER<AR+++

ERY/AR++|

Steroid, nonphenolic

Fadrozole

10267647-1

Imidazole; Nitile

120
Tetradecanoylphorbol- 13-
acetate

16561298

Phorbol eter; Terpene.

Fenarimol

0168889

Heterocyele: Pyrimidine

LThyroxine

S1as9

Aromatic amino acid

Finasteride

98319267

Steroid, nonphenalic;
Androstcne

17-Trenbolone

10161-338

ER-

Steroid, nonphenolic;

Flavone.

525826

ER-

Flavanoid: Flavone

245
‘Trichlorophenoxyacetic
acid

93765

ER+

Organochlorine; Chlorinated)
aromatic hydrocarbon

Fluoranthene

206440

ER-

ER/ARY

Polyeyclic sromatic
hydrocarbon; Fluorene

Vinclozolin

0471448

ERVAR-

Organochlorine; Cyclic

Fluoxymestrone

AR

AR

Steroid,nonphenalic

Zearalenone.

17924924

ER+/AR-

Resorcylic acid lactone;
Phenol

NICEATM, ICCVAM, or the Expert

“pp? -DDE = 1,1-Dichloro-2,2-di(p -chlorophenylhethylenc; 0,p' -DDT = 1,1,1-Trichloro-2-(o ~chlorophenyl)-2:p -chlorophenyllethane; " -DDT = 1,1,1-Trichloro-2,2-dit4-chloropheny hethane.

used. For AR

18 TA assays; for AR binding.

sed,

intactcels, oreytosol is
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value could not
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ICCVAM/NICEATM WEBSITE
http://iccvam.niehs.nih.gov

Minimum Lists of Substances for Validation
of In Vitro Endocrine Disruptor Assays

O ICCVAM developed minimum lists of substances that should be given
priority during validation.

« Justification: Because the purpose of these in vitro assays in
the Tier 1 screening battery is to provide binding and transcriptional
activation data that will be considered in a weight-of-evidence
evaluation to prioritize substances for Tier 2 testing, characterizing
the activity of all of the substances expected to be negative in
vitro (e.g., thyroid disruptors, aromatase inhibitors) may not be
essential.

O Minimum lists contain 53 substances for ER binding and TA assays
and 45 substances for AR binding and TA assays, with similar
distributions of substances across the ranges of responsiveness and
chemical classes as contained in the list of 78 substances.

O Specific listing of minimum lists are included in report entitled, “lCCVAM
Evaluation of In Vitro Test Methods For Detecting Potential Endocrine
Disruptors: Estrogen Receptor and Androgen Receptor Binding and
Transcriptional Activation Assays.” (NIH Publication No: 03-4503)

Minimum List of Substances for In Vitro ER Assays

ERTA

Expected

Response | ER Binding

Agonist Antagonist

Positive/
Presumed
Positive
Negative/
Presumed
Negative
Total 53 53 53

40 34 11
(15%) (64%) 21%)

13 19 42
(25%) (36%) (79%)

Minimum List of Substances for In Vitro AR Assays

ARTA

Expected

Response | AR Binding

Agonist Antagonist

Positive/
Presumed
Positive
Negative/
Presumed
Negative
Total 45 45 45

33 21 20
(713%) “7%) (44%)

12 24 25
@7%) (53%) (56%)

NIH Publication No: 03-4503

ICCVAM Evaluation of In Vitro
Test Methods For Detecting
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Estrogen Receptor and Androgen Receptor Binding
and Transcriptional Activation Assays

Interagency Coordinating Committee on the Validation
of Alternative Methods (ICCVAM)

National Toxicology Program (NTP) Interagency Center
for the Evaluation of Alternative Toxicological Methods (NICEATM)

National Institute of Environmental Health Sciences
National Institutes of Health
U.S. Public Health Service
Department of Health and Human Services




